Abstract. Footdrumming was compared in three allopatric species of kangaroo rat, Dipodomys, from three habitats. Analysis of footdrumming recordings revealed species-specific patterns of drumming ranging from single thumps to individual footdrumming signatures. The desert kangaroo rat, D. deserti, drums single thumps spaced 0.25-0.30 s apart that are sometimes introduced with a short footroll. The giant kangaroo rat, D. ingens, drums long footrolls that can average over 100 drums at 18 drums/s. The banner-tailed kangaroo rat, D. spectabilis, drums three to 38 footdrums in a footroll combined into sequences of two to 12 footrolls at a rate of 17 drums/s. In playback tests, all three species stood in alert postures and entered the burrow in response to footdrumming of their own and the other species. The rats also responded in species-specific ways. Dipodomys spectabilis drummed to its own species' footdrumming, but not to playbacks of the single drums of D. deserti. Instead of footdrumming to playbacks of its own species, D. deserti approached the speaker more frequently than did either of the other two species. Dipodomys ingens footdrummed equally to all footdrumming playbacks. The species' differences reflect differences in social tolerance and spacing. Dipodomys deserti rarely engages in footdrumming exchanges and chases visitors from the burrow. Dipodomys spectabilis engages in frequent footdrumming exchanges and some chases, and D. ingens seems to tolerate close neighbours and footdrums periodically.
Communication systems must evolve in a variety of habitats and social conditions, and signals are therefore transmitted in many modalities. Seismic communication, in which animals exchange information using self-generated, vibrational signals, has been implicated in many invertebrate species (Markl 1983; Ewing 1989; Claridge 1990; Cocroft 1996) and in a few vertebrate species (Narins 1990) . Many vertebrates are sensitive to lowfrequency vibrations (Hartline 1971; Lewis & Narins 1985; Hetherington 1992) , and hitting some part of the body on a substrate to generate seismic vibrations is common in many rodents (Narins et al. 1992; Randall 1993 Randall , 1994a . The potential for vibrational communication to evolve in ground-dwelling mammals, therefore, seems even greater than the current literature might suggest (Narins 1990; Randall 1993 Randall , 1994a .
Footdrumming, which involves striking the feet on the ground to create mechanical vibrations, is common in desert rodents and has evolved independently in several families of fossorial and semifossorial rodents around the world (Randall 1994a). Fossorial mole rats from Africa and Israel drum to communicate underground between burrows (Rado et al. 1987; Jarvis & Bennett 1991; Narins et al. 1992) . Semi-fossorial gerbils, Meriones, Psymmomys, Rhombomys, Tatera and Gerbillus, from North and South Africa, the Middle East and Eurasia, footdrum in speciesspecific rhythms that range from single thumps to up to 10 drums grouped together in a footroll (Daly & Daly 1975a, b; Bridelance & Paillette 1985; Bridelance 1986 Bridelance , 1989 Randall 1994a) . The communication function of these patterns remains largely unknown, but they can occur in multiple contexts, including territorial and agonistic encounters, mating and in response to predators (Randall 1993 (Randall , 1994a .
Kangaroo rats, Dipodomys, from North America, footdrum. The banner-tailed kangaroo rat, D. spectabilis, generates a much more complex footdrumming pattern than do the gerbils
